Long flasks in liquid B5 medium as described earlier (4, 6, 7) . This medium contains mineral salts, sucrose, the B-vitamins, and 2,4-dichlorophenoxyacetic acid (1 mg/liter). Nitrogen was supplied as 25 mm potassium nitrate and 1 mM ammonium sulfate. The pH was 5.5 which is optimal for growth (7). The cell inoculum was washed in fresh medium which contained no nitrate or ammonium before being added to the culture flasks. The cells used for inoculum were grown in the B5 medium but grew immediately when transferred to a suitable ammonium medium without requiring a period of adaptation. The carboxylic acids were filter-sterilized and neutralized with ammonium hydroxide and potassium hydroxide.
The most suitable inorganic nitrogen source for growing plant cells is a mixture of ammonium and nitrate (2, 3, 7) . Plant cells in culture do not grow readily on ammonium salts alone although ammonium is a more direct nitrogen source than nitrate for protein production. Filner (3) could not grow tobacco cells on ammonium salts. Rice callus did not grow on agar media containing ammonium sulfate but grew on ammonium citrate (13) .
We observed that soybean cells, grown in a liquid, defined medium, needed ammonium in order to utilize nitrate (7) . Ammonium was most effective at concentrations of 2 to 4 mm. At higher or lower concentrations the cell yields decreased. Glutamine, but not other amino acids or asparagine, could replace ammonium (5) .
The cell cultures provided a convenient system to determine the effect of ammonium on enzyme activity in the cells. The concentrations of glutamine synthetase (EC 6.3.1.2), glutamate dehydrogenase (EC 1. 4 Long flasks in liquid B5 medium as described earlier (4, 6, 7) . This medium contains mineral salts, sucrose, the B-vitamins, and 2,4-dichlorophenoxyacetic acid (1 mg/liter). Nitrogen was supplied as 25 mm potassium nitrate and 1 mM ammonium sulfate. The pH was 5.5 which is optimal for growth (7). The cell inoculum was washed in fresh medium which contained no nitrate or ammonium before being added to the culture flasks. The cells used for inoculum were grown in the B5 medium but grew immediately when transferred to a suitable ammonium medium without requiring a period of adaptation. The carboxylic acids were filter-sterilized and neutralized with ammonium hydroxide and potassium hydroxide.
The cells were usually harvested after 5 or 6 days by filtration and then washed with water. Dry weights were determined after drying aliquots of cells in a vacuum oven at 60 C for 18 hr. Total protein was estimated by the micro-Kjeldahl method.
Enzyme Extraction. The cells were collected by filtration on Miracloth and washed. A weighed amount of cells was mixed with 1-mm glass beads and 50 mm Tricine (N-tris(hydroxymethyl)methylglycine) buffer, pH 7.5, containing 1 mM 2-mercaptoethanol, in the proportions 1:1-5:1 (w/w/v) in a 75-ml homogenizer flask and homogenized for 90 sec at 2 to 4 C in a Braun homogenizer, model MSK. The homogenate was separated from the beads by decantation. A measured aliquot of the homogenate was added to 2 volumes of ethanol at -20 C, and the precipitate was used for total protein analysis. The remainder of the homogenate was centrifuged, and the supernatant was lyophilized and stored. The freeze-dried preparations were suspended in water, centrifuged, and passed through a column of Sephadex G-50, and the protein fraction was immediately assayed for enzyme activity.
Enzyme Assays. Isocitrate dehydrogenase, shikimate dehydrogenase, and glutamate dehydrogenase were determined by recording the change in absorption of the pyridine nucleotides at 340 nm on a Gitford automatic spectrophotometer in the presence of the appropriate substrate. The formation of 'y-glutamylhydroxamate was used to measure glutamine synthetase (12) . (1) .
Ammonium in high concentrations disturbs the Krebs cycle in liver mitochondria (9) . The conversion of isocitrate to a-ketoglutarate appeared to be particularly sensitive to ammonium.
The ammonium salts also activated a mitochondrial reduced pyridine nucleotide pyrophosphatase which cleaves especially NADH (9) . The net result would be a decrease in the levels of reduced pyridine nucleotides and a-ketoglutarate, thus limiting the rate of glutamate formation. Ammonium might affect similar enzyme systems in plant cells. The isocitrate dehydrogenase activity in the soybean cells grown on ammonium salts was low compared with that in cells grown on nitrate as the major nitrogen source. The activity of glutamate dehydrogenase was higher, suggesting that this enzyme was not a limiting factor. The activity of glutamine synthetase was lower in the ammoniumgrown cells, but there was no indication that this enzyme restricted growth, since the activity in the ammonium citrategrown cells was the same as that in the ammonium tartrategrown cells. The present results support the view that in these cells the Krebs cycle acids facilitate ammonium utilization by stimulating ammonium-sensitive reactions directly involving the Krebs cycle acids. The formation of glutamate and glutamine possibly was not directly affected by ammonium.
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